geon's option for correcting patellar alignment is limited to lateral retinacular release. Therefore, we designed this study to explore ways to predict patellar instability in the early stage of operation.
In this study, we analyzed the impact of various indicators on the no thumb test (3rd test) performed after bone resection and implant insertion: preoperative indicators, age, gender, weight, the degree of varus deformity and radiologic patellar subluxation; pre-osteotomy intraoperative indicators, the patella thickness before bone resection, degree of patella degeneration, and the 1st no thumb test performed between medial patella incision and bone resection (1st test), and the 2nd no thumb test performed with corrective valgus stress (2nd test; J test); and post-osteotomy intraoperative indicators, the patella thickness aft er bone resection and the kind of prosthesis. 
METHODS

Materials
Surgical Technique
The surgery was performed by the same surgeon via a medial parapatellar approach in all cases. Distal femoral bone resection was done with 5 o to 6 o of external rotation relative to the posterior condylar axis using a sonographyguided extramedullary alignment guide system. [5] [6] [7] Proximal tibial resection was done using an extramedullary alignment guide. The posterior cruciate ligament was removed and a prosthesis was inserted in all cases. If the post-osteotomy no thumb test (3rd test) was positive, a lateral release (patellar retinacular peel) was performed. [8] [9] [10] A tourniquet was applied at 250 mmHg during surgery in all cases. A suction drainage was not used aft er surgery in all cases.
Methods
All the patients' weight and height were measured before surgery. Th e sulcus angle, congruence angle, and mechanical axis angle were measured on the preoperative radiographs. The pre-osteotomy patella thickness, degree of patella degeneration, and post-osteotomy patella thickness were evaluated. Intraoperatively, the 1st no thumb test (1st test) was performed before bone resection to assess patellar dislocation with the knee in flexion after partial removal or incision of the medial retinaculum, anterior cruciate ligament, posterior cruciate ligament, medial meniscus, patellofemoral ligament, infrapatellar fat pad, and osteophyte. Th en, the 2nd no thumb test (2nd test; J-test) was performed to assess patellar dislocation with a valgus force applied. Aft er bone resection and implant insertion, the 3rd no thumb test (3rd test) was performed under the same condition. If patella dislocation was observed in the test, a lateral release was performed. Th is was followed by the 4th no thumb test in which a patella that slips laterally from the femoral trochlear groove or remains 2 cm away from the medial femoral condyle was considered positive.
Statistical Analysis
Logistic multiple regression analysis was performed to evaluate the eff ects of all valuables above mentioned. Receiver operating characteristic (ROC) curves of the those signifi cant valuables were analyzed to calculate the sensitivity and specipicity to the 3rd no thumb test (3rd test). A p-value < 0.05 was considered statistically signifi cant and dBSTAT 5.0 (2010; DBSTAT Co., Seoul, Korea) was used for statistical analysis.
RESULTS
Th e preoperative indicators including age, weight, height, and gender were not correlated with the no thumb test (3rd test). The preoperative radiographic indicators including the sulcus angle, congruence angle, and the mechanical axis angle were not related with the no thumb test (3rd test; p = 0.795, p = 0.276, and p = 0.593, respectively). Th e 1st no thumb test and the 2nd test performed with a varus force applied before bone resection were correlated with each other and the 2nd test was correlated with the 3rd test that was performed aft er bone resection (p = 0.007 and p = 0.002, respectively). Th e 3rd no thumb test was not related with the pre-osteotomy patella thickness (p = 0.275) but was correlated with the post-osteotomy patella thickness (p = 0.002).
With regard to the kind of prosthesis, Nexgen was not correlated with the 3rd no thumb test (p = 0.197). Scorpio and Vanguard were correlated with the 3rd no thumb test, causing more patella dislocation (p = 0.011) and more patellar stability (p = 0.049), respectively.
Of the results we obtained, significant results were examined in more detail. 3% of the cases was positive in the 1st test, 48% was positive in the 2nd test, and 10% was positive in the 3rd test. In the 4th test that was done aft er the lateral release, 4% of the cases were positive. Of the 4 cases that were positive in the 1st test, all were also positive in the 2nd test, 2, in the 3rd test, and 1, in the 4th test. Of the 78 cases that were positive in the 2nd test, 15 were positive in the 3rd test indicating a 19.2% positive predictive value. Of the 78 cases that were negative in the 2nd test, 76 were negative in the 3rd test, indicating a 97.4% negative predictive value. Of the 17 cases that were positive in the 3rd no thumb test, 15 were positive in the 2nd test, indicating 88.2% sensitivity. Of the 139 cases that were negative in the 3rd no thumb test, 63 were positive in the 2nd test, indicating 54.7% specifi city. Regarding the relationship between the kind of prosthesis and the 3rd no thumb test and the 4th no thumb test, Scorpio was the implant inserted in the 6 cases that showed instability in the 4th no thumb test that was carried out aft er lateral release (patellar retinacular peel).
Of the 17 cases that showed instability in the 3rd no thumb test, Vanguard was used in 3 cases and Scorpio was used in the remaining 14 cases.
Comparative ROC curves show the sensitivity and specipicity of these factors toward 3rd no thumb test. J test (2nd no thumb test, p = 0.004), Scorpio (p = 0.011) and post-osteotomy patella thickness (p = 0.012) is signifi cant predictors of 3rd no thumb test. Nexgen was not significant (p = 0.575) and Vangard was signifi cant stabilizer of 3rd no thumb test (p = 0.049) ( Table 1, Fig. 1 ).
DISCUSSION
Lateral retinacular release has been performed by some authors on patients with a positive no thumb test or poor patellar alignment during TKA, 11, 12) but its impact on the blood supply of the patella remains controversial. 13, 14) Th e authors of this study believe that a proper measure for improving patella tracking should be taken before bone resection to reduce the risk of worsening the blood supply of the patella. However, the no thumb test and other examination methods may not be helpful because they are designed to be performed aft er bone resection. It is our understanding that if the risk of patella dislocation can be assessed before bone resection in the 1st or 2nd no thumb test, the surgeon can have more options for proper patella tracking ranging from the established methods of using a small patellar prosthesis, lateral placement of a femoral implant, medial placement of a patellar implant, and increasing external rotation of a femoral implant to the methods we documented in this study including the use of a patella-friendly femoral prosthesis and a large patella osteotomy.
We assessed the pre-and intra-operative indicators in this study. Age and gender are the basic variables required in all medical studies. Th e degree of varus deformity before surgery is thought to be associated with patella . J test (2nd no thumb test) has high sensitivity but low specifi city and post-osteotomy patella thickness has relatively high specifi city but low sensitivity.
dislocation and closely related with the Q angle. Assuming the preoperative degree of patella subluxation as a risk factor of postoperative patella maltracking, we measured the sulcus angle and congruence angle that have been commonly used to assess patella subluxation. Although the relationship between the patella thickness and patella degeneration have not been addressed in any previous studies, we suspected a relationship between them and investigated them in this study. Some authors found a strong association between tourniquet application and the no thumb test and suggested to perform the test with the tourniquet deflated due to the hypersensitivity of the test. 15) In contrast, many studies showed that tourniquet release before wound closure results in increased blood loss and surgical time and no diff erence in the incidence of postoperative complications. 16, 17) Therefore, we attempted to explore indicators that can be measured without tourniquet release in this study.
The no thumb test was positive in 10% of the patients (17 cases), a low positive rate compared to the previous studies. Tourniquet infl ation pressure was ≥ 300 mmHg in most studies, 15, [18] [19] [20] but we maintained the pressure at 250 mmHg based on our experience. Although we did not release the pressure during surgery, the relatively low pressure may have partially contributed to the low positive rate, which should be investigated in further studies.
Of the 2 cases that were positive in the 3rd no thumb test after bone resection, 1 was also confirmed positive in the 4th test performed aft er lateral release. We attributed this to the hypersensitivity of the test that was done without tourniquet release. In addition, lateral instability was not observed in a test using one towel clip with the tourniquet applied although we did not describe it in this study.
Th e low positive rate in the 3rd no thumb test may have been associated with the 5 o to 6 o of external rotational femoral ostetomy during procedure that contributed to patellar stability. 21) In most studies, 3 o of external rotation off the posterior femoral condyles is recommended. 22, 23) However, some authors suggested ≥ 3 o of external rotation in Koreans due to the bone structure diff erences, 24, 25) which is congruent with our fi ndings and has been practiced in surgery at our institution.
With regard to the kind of femoral prosthesis, Scorpio has so narrow a femoral trochlear groove that the patella might slip laterally (Fig. 2) . In contrast, Vanguard and Nexgen have a patella-friendly femoral trochlear groove that is relatively wide and tilted to allow the patella to be on track. Especially, Vanguard has the widest femoral groove among the three prostheses. We think the relationship between the size and shape of diff erent prostheses and patella tracking should be addressed in further studies.
One of the limitaitons of this study is that it is solely based on intraoperative examination findings without long-term follow-up. We believe our study results should be confirmed by a long-term follow-up study including clinical results. Another limitation is that the impact of tourniquet could not be completely ruled out. However, the signifi cance of this study can be found in the fact that we suggested an examination method using pre-osteotomy indicatrors to predict post-osteotomy patellar stability.
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